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(54) Semiconductor device having an output circuit for transmitting iow^voHage differential 
signals 



(57) A serraconductor device having an output dr- 
curt includes a first fletd-effect transistor (28, 39) having 
a source connected to a line from which a first voltage 
(VDD. VSS) is inputted, and a second field-effect tran- 
sistor (29. 40) having a source connected to a drain of 
the first field-effect transistor, a gate connected to a data 
tine from which a level signal Is inputted, and a drain 



connected to an output terminal to which an output sig- 
nal is outputted. A control unit (31, 42) controls a volt- 
age at a gate of the first field-effect transistor when the 
second field-effect transistor is in ON state, so that a 
voltage at the drain of the second field-effect transistor 
is equal to a second voltage (VT1 , VT2). 
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Description 

BACKGROUND OF THE INVEMTIQN 

(1) RekJ of the Invention 

The present invention relates to a semiconductor 
device which includes an output drcurt for transmitting 
output signals on transmission lines such as wires on a 
printed circuit board. 

(2) Descripti(OT of the Related Art 

A signal transmission system includes a CMOS 
(complementary metal oxide semiconductor) device 
which is an output circuit for transrnitting output signals 
on transntission lines. The CMOS device uses a p- 
channel metal-oxide-semiconductor field-effect transis- 
ta (which will be called the p-channel MOS FE7) to per- 
form a pull-up action, and uses an n-channel metal- 
oxide-semiconductor field-effect transistor (which will be 
called the n-channel MOS PET) to perform a pull-down 
action. In this system, the capacity of wires which are 
connected to external tenninals of the system to which 
outputs of the output circuit are connected is taken as a 
load capacity. 

In the above signal transmission system, signals 
are transmitted on the transmission lines by charging 
and discharging the wires having a certain capacity For 
periods in which ndse signals are produced due to sig- 
nal reflection, the timing of the charging and discharging 
of the wires is allocated. The amplitude of the signal 
transmitted by the above signal transmission system is 
so great that high-speed transmission may be hardly 
provided. Also, the at)ove signal transmission system 
requires a great amount of power consumption. 

In order to realize a high-speed transmission and a 
small anrwunt of power consumption, it is necessary that 
the atxjve signal transmission system Is provided with 
an output Q'rcuit having a characteristic impedance 
which is equivalent to a characteristic impedance of the 
wires. The wires are taken as the signal transmission 
lines having a characteristic impedance which is con- 
stant. 

Low-voltage-differential-signal (LVDS) transmission 
systems have been proposed to allow high-speed signal 
transmission and small power consumption. The LVDS 
transmission systems serves to provkJe long-distance, 
high-frequency signal transmission capabilities. A 
standardization of ttie LVDS transmission systems by 
the Institute of Electiical and Electronic Engineers 
(IEEE) is under way 

FIQ.5 shows a LVDS transmission system which is 
given as an example of the above-mentioned LVDS sys- 
tems. 

Referring to FIG.5, the LVDS transmission system 
conrprises an integrated circuit 1 and an integrated cir- 
cuit 2. An output circuit 3 is provided in ttie integrated 
drcuit 1 . The integrated circuit 1 has external terminals 



4 and 5. An input circuit 1 0 including a differential ampli- 
fier is provided in the integrated drcuit 2. The integrated 
circuit 2 has external terminals 8 and 9. 

The extemal terminals 4 and 5 of the integrated cir- 
5 cult 1 and the external terminals 8 and 9 of the inte- 
grated circuit 2 are interconnected by wires 6 and 7. 
respectively. The wires 6 and 7 serve as transmission 
lines on which diffa-ential signals are transmitted. 

A terminating resistor 11 between cfifferential Input 
10 terminals of the input circuit 1 0 is connected. The termi- 
nating resistor 11 has a resistance of 100 O . 

In the LVDS transmission system, shown In Fias, 
the output circuit 3 outputs differential signals, whrch 
have a complementary relation, to the wires 6 arxl 7, 
IS and the wires 6 and 7 are connected by ttie terminating 
resistor 1 1 at tiie differential input terminals of tiie Input 
circuit 10 in the integrated drcurt 2. Thus, tiie differential 
signals witii a small anplitude are transmitted from ttie 
output drcut 3 to the input drcuit 10 tiirough the trans- 
20 mission lines 6 and 7. 

Fiae shows a conceived output circuit which is 
induded in the LVDS transmission system in FtG.5. 

Referring to FIG.6, this output drcurt has a line from 
which a level signal DATA from an internal drcuit (not 
25 shown) is inputted. The output circuit includes an 
inverter 13 wNch generates an inverted data signal at 
an output of the inverter 13 from ttie data signal DATA at 
an input of tiie inverter 1 3. The output drcuit includes an 
output inverter 14, an output inverter 15, a p-channel 
30 metal-oxide-semiconductor field-effect transistor (which 
will be called ttie p-channel MOS FET) 16. a fHjhannel 
MOS FET 17, an n-channel metal-oxide-semiconductor 
f leid-ettect tt^ansistor (which will be called ttie n-channel 
MOS FET) 18, and an n-channel MOS FET 19. A 
35 source power voltage VDD is applied to each of ttie p- 
channel MOS FETs 1 6 and 1 7. and a grounding voltagie 
VSS is applied to each of tiie n-channel MOS FETs 18 
and 19. 

In the output circuit, shown in FIG.6, a resistor 20 

^ witti a predse resistance is connected to an output of 
tiie output Inverter 14, and a resistor 21 witii a precise 
resistance is connected to an output of the output 
inverter 15. An error of tiie resistances of the resistors 
20 and 21 Is not greater ttian 10%, and tiie resistors 20 

45 and 21 have such resistances ttiat "ON" resistances of 
the Inverters 14 and 15 can be taken as the resistances 
of the resistors 20 and 21 . 

Generally, ttie "ON" resistances of tiie p-channel 
MOS FETs 16 and 17 and the n-channel MOS FETs 18 

50 and 19 have enors which are above 30%. due to manu- 
facturing enors. In tiie above-mentioned LVDS trans- 
mission system, it is required tiiat an error of a 
reference voltage VOL for a low-level output and an 
enor of a reference voltage VOH for a h'^h-level output 

55 are not greater than 1 0%. 

In ttie output drcuit, shown in FIG.6, the resistors 
20 and 21 are provided so as to cancel ttie enors of the 
"ON" resistances of ttie inverters 14 and 15. It is neces- 
sary that tiie errors of ttie "ON" resistances of ttie Invert- 
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ers 14 and 15 be less than 10%, to ensure the accuracy 
off the reference voltage VOL Ibr the low-level output and 
the reference voltage VOH for the high-level output. 

However, a conventional CMOS producing process 
does not include a step of forming resistors with precise 
resistances the errors of which are less than 10%. 
When producing a semiconductor device including the 
output circuit shown In FIG.6. it is necessary to add the 
step of forming the resistors to the conventional CMOS 
producing process in order to form the resistors 20 and 
21 in the output circuit Therefore, there is a problem In 
that the cost of the produced semiconductor device Is 
increased because of the added step. 

SUMMARy OF THE INVENTION 

An object of the present invention is to provide an 
improved semiconductor device In which the above- 
desaibed problems are eliminated. 

Another object of the preserrt invention is to provide 
a semiconductor device in which an output circuit trans- 
mits differential signals with accurate high-level and/or 
low-level values on transmission lines at a high speed. 

Still another object of the present invention is to 
provide a semiconductor device including an output cir- 
cuit which is useful and inexpensive, and manufacturing 
the semiconductor device does not require an additional 
step, such as a step of forming resistors with precise 
resistances, which causes the cost to be increased. 

The above-mentioned objects of the. present inven- 
tion are achieved by a semiconductor device having an 
output circuit which includes a first field-effect transistor 
having a source connected to a line from which a first 
voHage is inputted; a second field-effect transistor hav- 
ing a source connected to a drain of the first field-effect 
transistor, a gate connected to a data line from which a 
level signal is inputted, and a drain connected to an out- 
put terminal to which an output signal is outputted; and 
a control unit which controls a voltage at a gate of the 
first field-effect transistor when the second field-effect 
transistor is in ON state,, so that a vohage at the drain of 
the second field-effect transistor is held at a second volt- 
age. 

The above-mentioned objects of the present inven- 
tion are achieved by a semiconductor device having an 
output circuit which includes a first p-channel field-effect 
transistor having a source connected to a first line from 
which a first voltage is inputted; a second p-channel 
field-effect transistor having a source connected to a 
drain of the first p-channel field-effect transistor, the 
second p-channel field-effect transistor being in ON 
state when the output circuit is operated; a first control 
unit which controls a voltage at a gate of the first p- 
channel field-effect transistor when the second p-chan- 
nel field-effect transistor is in ON state, so that a voltage 
at a drain of the second p-channel field-effect transistor 
is held at a second voltage lower than the first voltage; 
a first n-channel field-effect transistor having a source 
connected to a second line from which a third voltage 



lower than the second voltage is inputted; a second nr 
channel field-effect transistor having a source con- 
nected to a drain of the first n-channel field-effect tran- 
sistor, the second n-channel field-effect transistor being 

5 in ON state when the output circuit is operated; a sec- 
ond control unit which controls a voltage at a gate of the 
first n-channel field-effect transistor when the second n- 
channel f iekt-effect transistor is in ON state, so that a 
voltage at a clrain of the second n-channel field-effect 

10 transistor is held at a fourth voltage higher than the third 
voltage, the fourth voltage being lower than the second 
voltage; and a signal generator unit which generates 
output signals, voltages of the output signals being con- 
trolled by the first control unit and the second control 

IS unit, so that high-level values of the output signals are 
equal to the voltage at the drain of the second p-channel 
field-effect transistor and low-level values of the output 
signals are equal to the voltage at the drain of the sec- 
ond n-channel field-effect transistor. 

20 According to the present invention, it is possible 
that the output circuit transmit the output signal with an 
accurate high-levd or low-level value. An anplitude of 
the output signal can be made smaller than an ampli- 
tude of the level signal indicative of CMOS level data. 

25 Therefore, the output circuit of the semiconductor 
device of the present invention can provide high-speed 
signal transmission with the output signal having an 
accurate value. 

According to the present invention, the output dr- 

30 cuH does not require resistors with precise resistances 
included, which causes the cost to be increased. There- 
fore, it is possible to provide the semiconductor device 
including the output circuit with a low cost. 

According to the present invention, it is possible 

35 that the output circuit transmit the output signals with 
accurate high-level and low-level values. The amplitude 
of the output signals can be made smaller than the 
anrplitude of the level signals indicative of the CMOS 
level data. Therefore, the output circuit of the semicon- 

40 ductor device of the present invention can provide high- 
speed signal transmission with the output signals hav- 
ing accurate values. 

BRIEF DESCRIPTION OF THE DRAWINGS 

45 

The at)ove and other objects, features and advan- 
tages of the present invention will become more appar- 
ent from the following detailed description when read in 
conjunction with the accompanying drawings In which: 

50 

FIQ.1 is a circuit diagram of an output circuit of a 
semiconductor device in one embodiment of the 
present invention; 

FIQ.2 is a circuit diagram of an output circuit of a 
55 semiconductor device in another embodiment of 
the present invention; 

FIG.3 is a circuit diagram of an output circuit of a 
semiconductor device in still another emtxxiiment 
of the present invention; 
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F1Q.4 is a circuit diagram of an output circuit of a 
semiconductor device, in a further embodiment of 
the present invention; 

FtQ.5 is a circuit diagram of a low-voltage^lifferen- 
tial-signal (LVDS) transmission system to which the 
present invention is applied; and 
FIQ.6 is a circuit diagram of a conceived oulput dr- 
cuit which is included in the tow-vdtageKJifferential- 
signal (LVDS) transmission system in FIQ5. 

PESCRIPTIQN QF THE PRgFERREP mW^Qh 

mm 

A descripb'on will now be given of the preferred 
embodimertts of the present invention with reference to 
the accompanying drawings. 

. FIQ.1 shows an output circuit of a semiconductor 
device in one embodiment of the present invention. The 
output circuit in FIQ.1 is included in the semiconductor 
device in this embodiment. 

Referring to FIG.1 , the output circuit has a data line 
from which a level signal DATA1 from an internal circuit 
(not shown) is inputted. The level signal DATA1 is indic- 
ative off CMOS level data. The output circuit includes an 
output terminal 24 to which an output signal 0UT1 is 
outputted by the output drcuii 

A source-power voltage VDD from a VDD power 
line 25 is Inputted to the output drcuit. A grounding volt- 
age VSS from a VSS ground line 26 is inputted to the 
output drcuit. A sourceixiwer voltage VT1 from a VT1 
power line 27 is inputted to the output circuit. The 
source-power voltage VT1 is lower than the source- 
power voltage VDD and higher than the grounding volt- 
age VSS. The source-power voltage VT1 is an interme- 
diate voltage between the grounding voltage VSS and 
the source-power voltage VDD (VSS < VT1 < VDD). 

The output drcuit in FIG.1 indudes a p-channel 
MOS FET 28, a p-channel MOS FET 29, a resistor 30, 
and a differential amplifier 31 . This differential amplifier 
31 has a noninverting input 31 A. an inverting input 31 B, 
and an oulput 31 C. 

The p-channel MOS FET 28 has a source con- 
nected to the VDD power line 25, a drain, and a gate 
connected to the output 31 C of the differential amplifier 
31. 

The p-channel MOS FET 29 has a source con- 
nected to the drain of the p-channel MOS FET 28, a 
drain connected to the oulput terminal 24, arid a gate 
connected to the data line from which the level signal 
DATA1 is inputted. 

The resistor 30 has an end connected to the output 
terminal 24, and the other end of the resistor 30 is con- 
nected to the VSS ground line 26. 

The differential amplifier 31 has the noninverting 
input 31 A connected to the drain of the p-channel MOS 
FET 29, and the invert'ng input 31 B connected to the 
VT1 source-power line 27. 

In the above embodiment, when the level signal 
DATA1 indicative of a high-level value is inputted, the p- 



charmel MOS FET 29 is in OFF state (or in a noncon- 
ductive condition). At this time, a voHage at a node 32 of 
the output drcuit is equal to the grourxiing voltage VSS, 
and a voltage of the output signal 0UT1 is equal to the 

5 grounding voltage VSS. 

When the level signal DATA1 indicative of a low- 
level value is inputted, the p-channel MOS FET 29 is in 
ON state (or in a conductive condition). If the voltage at 
the node 32 at this time is higher than the source-power 

10 voltage VT1 , a voltage at the output 310 of the differen- 
tial amplifier 31 is high. An "ON" resistance of the p- 
channel MOS FET 28 is increased, and the voltage at 
tiie node 32 is lowered to the source-power voltage 
VT1. If the voltage at the node 32 at ttiis time is lower 

IS than the source-power voltage VT1 , the voltage at the 
output 310 of the differential amplifier 31 is low. The 
"ON" resistance of the p-channel MOS FET 28 is 
decreased, and the voltage at tiie node 32 is inaeased 
to the source-power voltage VT1 . 

20 Accordingly, when the level signal DATA1 indicative 
of the low-level value is inputted, the voltage at the node 
32 is equal to the source-power voltage VT1 regardless 
of the manufacturing en'ors, and the voltage of the out- 
put signal OUT1 is equal to the source-power voltage 

25 VT1. 

In the above embodiment it is possible tiiat the out- 
put circuit transmit the output signal 0UT1 with an accu- 
rate high-level value (VT1). An amplitude of tiie output 
signal 0UT1 can be made smaller tiian an amplitude of 

30 tiie level signal DATA1 indicative of tiie CMOS level 
data. Therefore, tiie output drcuit of the semiconducta 
device in the above embodiment can provide high- 
speed signal transmission. 

In the above embodiment, tiie output drcuit does 

35 not require resistors with predse resistances induded 
tiierein, which causes the cost to be increased. There- 
fore, it is possible to provide the semiconductor device 
including the output drcuit with a low cost. 

A modification of the output drcuit in this embodi- 

40 ment may be made, so tiiat it includes an input terminal 
from which the source-power voltage VT1 is inputted. In 
tills modification, it is possible to input tiie source-power 
vdtage VT1 the value of which is variable according to 
the operating conditions of the oulput drcuit This is 

45 useful when a desired value of the source-power volt- 
age VT1 is inputted. 

FIQ.2 shows an output drcuit of a semiconductor 
device in another embodiment of the present invention. 
The output circuit in FIQ.2 is included in tiie semicon- 

50 ductor device in this embodiment. 

Referring to FIQ.2. the output circuit has a data line 
from which a level signal DATA2 from an internal circuit 
(not shown) is inputted. The level signal DATA2 is indic- 
ative of CMOS level data. The output drcuit includes an 

55 output terminal 35 to which an output signal OUT2 is 
outputted by the output circuit. 

A source-power voltage VDD from a VDD power 
line 36 is inputted to the output circuit A grounding volt- 
age VSS from a VSS ground line 37 is inputted to the 



4 



7 



EP0 750 242 A2 



8 



output circuit A source-pcwer voltage VT2 from a VT2 
power Dne 3d is Inputted to the output drcuii The 
sourceiXfwer voltage VT2 is lower than the source- 
power voltage VDD and higher than the grounding volt- 
age VSS. The source-power voltage VT2 is an interme- 
diate voltage between the grounding voltage VSS and 
the source-power voltage VDD (VSS < VT2 < VDD). 

The output circuit in F1G.2 includes an n-channel 
MOS FET 39, an n-channel MOS PET 40. a resistor 41 . 
and a differential amplifier 42. This differential anrplif ier 
42 has a noninverting input 42A, an inverting input 42B» 
and an output 42C. 

The n-channel MOS FET 39 has a source con- 
nected to the VDD power line 37, a drain, and a gate 
connected to the output 42C of the differential ampfifier 
42. 

The n-channel MOS FET 40 has a source con- 
nected to the drain of the n-channel MOS FET 39. a 
drain connected to the output tenrtinal 35, and a gate 
connected to the data line from which the level signal 
DATA2 is inputted. 

The resistor 41 has an end connected to the output 
tenninal 35, and the other end of the resistor 41 is con- 
nected to the VDD power line 36. 

The differential amplifier 42 has the noninverting 
input 42A connected to the drain of the n-channel MOS 
FET 40, and the inverting input 42B connected to the 
VT2 source-power line 38. 

In the atXTve embodiment, when the level signal 
DATA2 indicative of a low-level value is inputted, the n- 
channel MOS FET 40 Is in OFF state (or in a noncon- 
ductive condition). At this time, a voltage at a node 43 of 
the output circuit is equal to the source-power voltage 
VDD, and a voltage of the output signal OITI^ is equal 
to the source-power voltage VDD. 

When the level signal DATA2 indicative of a high- 
level value is inputted, the n-channel MOS FET 40 is in 
ON state (or in a conductive condition). If the voltage at 
the node 43 at this time is higher than the source-power 
voltage VT2, a voltage at the output 42C of the differen- 
tial amplifier 42 is high. An "ON" resistance of the n- 
channel MOS FET 39 is decreased, and the voltage at 
the node 43 is lowered to the sourceiX)wer voltage 
VT2. If the voltage at the node 43 at this time is lower 
than the source-power voltage VT2, the voltage at the 
output 42C of the differential amplifier 42 is low. The 
"ON" resistance of the n-channel MOS FET 39 is 
increased, and the voltage at the node 43 is increased 
to the source-power voltage VT2. 

Accordingly, when the level signal DATA2 indicative 
of the high-level value is inputted, the voltage at the 
node 43 is equal to the source^wer voltage VT2 
regardless of the manufacturing enrors, and the voltage 
of the output signal 0UT2 is equal to the source-power 
voltage VT2. 

In the above embodiment, it is possible that the out- 
put circuit transmit the output signal 0UT2 with an accu- 
rate low-level value (VT2). An amplitude of the output 
signal 0UT2 can be made smaller than an amplitude of 



the level signal DATA2 indicative of the CMOS level 
data. Therefore, the output circuit of the semiconductor 
device in the above embodiment can provide high- 
speed signal transmission. 

5 In the above embodiment the output circuit does 
not require resistors with precise resistances included 
therein, which causes the cost to be increased. There- 
fore, rt is possible to provide the semiconductor device 
including the output circuit with a low cost 

10 A mocfification of the output circuit in this embodi- 
ment may be made, so that it includes an input terminal 
from which the source-power voltage VT2 is inputted. In 
this nrxxJification, it is possible to input the source-power 
voltage VT2 the value of which is variat)le according to 

IS the operating conditions of the output circuit. This is 
useful when a desired value of the source-power volt- 
age VT2 is inputted. 

F1Q.3 shows an output circuit of a semiconductor 
device in still another enrrixxJiment of the present inven- 

20 tion. The output circuit in FIG.3 is included In the semi- 
Gonductor device in ttvs embodiment. 

Referring to F1G.3, this output drcuit includes a sig- 
nal generator unit 45 which generates an output signal 
OUTS and an inverted output signal /0UT3. The output 

25 signals 0UT3 and yOUTS have a complementary rela- 
tion. The output circuit includes an output terminal 46 to 
which the output signal OUT3 from the signal generator 
unit 45 is outputted, and an output terminal 47 to which 
the output signal /OUT3 from the signal generator unit 

30 45 is outputted. 

The output circuit in FiG.3 includes an output level 
setting unit 48 which determines high-level and low- 
level values of the output signal 0UT3 and determines 
high-level and low-level values of the output signal 

35 /0UT3. 

The signal generator unit 45 includes an inverting 
unit 49 having an input from which a level signal DATA3 
from an internal circuit (not shown) is inputted. The level 
signal DATA3 is indicative of CMOS level data. This 

40 inverting unit 49 has an inverting output 49A and a non- 
inverting output 49B. 

The signal generator unit 45 includes an inverter 50 
which outputs the output signal 0UT3 to the output ter- 
minal 46. An inverting action of the inverter 50 is cortrol- 

45 led by a signal output from the inverting output 49A of 
the inverting unit 49. 

The inverter 50 includes a VDD power line 51 , a p* 
channel MOS FET 52, and a p-channel MOS FET 53. 
The p-channel MOS FET 52 has a gate whose voltage 

50 is controlled by the output level setting unit 48. The 
ON/OFF state of the p-channel MOS FET 53 is control- 
led by ttie signal output from tiie inverting output 49A of 
tiie inverting unit 49. 

The inverter 50 further includes an n-channel MOS 

55 FET 54, an n-channel MOS FET 55, and a VSS ground 
line 56. The ON/OFF state of the n-channel MOS FET 
54 is controlled by the signal output from the inverting 
output 49A of the inverting unit 49. The n-channel MOS 
FET 55 has a . gate whose voltage is controlled by the 
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output level setting unit 48. 

The signal generator unit 45 further Includes an 
Inverter 57 vvhich outputs the output signal /OUT3 to the 
output terminal 47. An Inverting action of the Inverter 57 
is controlled by a sigr}al output from the nonlnverting 
output 49B of the Inverter 49. ^ 

The Inverter 57 includes a VDD power line 58, a p- 
channel MOS FET 59, and a p-channel MOS FET 60. 
The p-channel MOS FET 59 has a gate whose voltage 
is controlled by the output level setting unit 48. The 
ON/OFF state of the p-channel MOS FET 60 Is control- 
led by the' signal output from the nonlnverting output 
49B of the inverting unit 49. 

The Inverter 57 further includes an n-channel MOS 
FET 61 , an n-channel MOS FET 62, and a VSS ground 
line 63. The ON/OFF state of the n-channei MOS FET 
61 is GontroDed by the signal output from the nonlnvert- 
ing output 49B of the inverting unit 49. The n-channel 
MOS FET 62 has a gate whose voltage is controlled by 
the output level setting unit 48. 

The output level setting unit 48 includes a high-level 
value setting unit 64 which determines a high-level 
value of the output signal OUTS and a high-level value 
of the output signal /OUTS. The output level setting unit 
48 includes a low-level value setting unit 65 which deter- 
mines a low-level value of the output signal 0UT3 and a 
low-level value of the output signal /0UT3. The output 
level setting unit 48 further includes a resistor unit 66 
which ensures stable actions of the high-level value set- 
ting unit 64 and the bw-tevel value setting unit 65. 

The high-level value setting unit 64 includes an out- 
put terminal 67 to which a source-power voltage VT3 at 
a node 68 is outputted, a VDD power line 69, a VSS 
ground line 70, and a VT3 power line 71. The source- 
power voltage VT3 from the VT3 power line 71 is input- 
ted, and the source-power voltage VT3 Is lower than the 
source-power voltage VDD and higher than an interme- 
diate voltage of VDDy2 (VDD/S < VT3 <VDD). 

The high-level value setting unit 64 further includes 
a p-channel MOS FET 72, a p-channel MOS FET 73, 
and a differential amplifier 74. This differential amplifier 
74 has a nonlnverting input 74A, an inverting Input 74B. 
and an output 74C. 

The p-channel MOS FET 72 has a source con- 
nected to the VDD power line 69, a drain, and a gate 
connected to the output 74C of the differential amplifier 
74. 

The p-channel MOS FET 73 has a source con- 
nected to the drain of the p-channel MOS FET 72. a 
drain connected to the output terminal 67. and a gate 
connected to the VSS ground line 70. 

The differential amplifier 74 has the nonlnverting 
input 74A connected to the drain of the p-channel MOS 
FET 73, the inverting input 74B connected to the VT3 
power line 71 , and the output 740 connected to each of 
the gate of the p-channel MOS FET 52 in the inverter 50 
and the gate of the p-channel MOS FET 59 in the 
inverter 57. 

The low-level value setting unit 65 includes an out- 



put terminal 75 to which a source-power voltage VT4 at 
a node 76 is outputted, a VSS ground Pine 77. a VDD 
power line 78, and a VT4 power line 79. The source- 
power voltage VT4 from the VT4 power line 79 is input- 

5 ted. and the source-power voltage VT4 is higher than 
the source-power voltage VSS and lower than the inter- 
mediate voltage of VDD/Z (VSS < VT4 < VDD^). 

The low-level value setting unit 65 further includes 
an n-channel MOS FET 80, an n-channel MOS FET 81 , 

10 and a differential amplifier 82. This differential amplifier 

82 has a noninverting input 82A, an inverting input 82B, 
and an output 820. 

The n-channel MOS FET 80 has a source con- 
nected to the VSS ground line 77, a drain, and a gate 
75 connected to tiie output 820 of the differentia! amplifier 
82. 

The n-chamel MOS FET 81 has a source con-' 
nected to the drain of the n-channel MOS l=^ET 80, a 
drain connected to ttte output terminal 75. and a gate 

20 connected to the VDD power line 78. 

The differential amplifier 82 has tiie noninverting 
input 82A connected to the drain of the n-channel MOS 
FET 81, the inverting input 82B connected to the VT4 
power line 79, and the output 820 connected to each of 

25 tiie gate of the n-channel MOS FET 55 in ttie inverter 50 
and the gate of tiie n-channel MOS FET 62 in the 
inverter 57. 

The resistor unit 66 includes a resistor 83. a resistor 
84. and an input terminal 85 from which tiie intermedi- 
30 ate voltage of VDDy2 Is inputted. The input terminal 85 
is connected to a connection point between the resistor 

83 and the resistor 84. The resistor 83 has one end con- 
nected to tiie drain of the p-channel MOS FET 73, and 
tiie other end of the resistor 83 is connected to the input 

35 terminal 85. The resistor 84 has one end connected to 
the drain of the n-channel MOS FET 81. and the other 
end of the resistor 84 is connected to the input terminal 
85. 

In the high-level value setting unit 64. the gate of 

40 ttie p-channel MOS FET 73 is connected to tiie VSS 
ground line 70. Thus, when the output circuit is oper- 
ated, the p-channel MOS FET 73 is in ON stata 

If the voltage at the node 68 at this time is higher 
tiian the source-power voltage VT3, the voltage at the 

45 output 740 of the differential amplifier 74 is high. The 
"ON" resistance of the p-channel MOS FET 72 is 
increased. Thus, tiie voltage at tiie node 68 is lowered 
to the source-power voltage VT3. 

If tiie voltage at tiie node 68 at this time is lower 

50 ttian the source-power voltage VT3, the voltage at tiie 
output 740 of tiie differential amplifier 74 is tow. The 
"ON" resistance of the p-channel MOS FET 72 is 
decreased. Thus, tiie voltage at the node 68 Is 
inaeased to tiie source-power voltage VT3. 

55 Accordingly, In tiie high-level value setting unit 64. 
the voltage at the node 68 is controlled by tiie differen- 
tial amplifier 74. The high-level value setting unit 64 
tiierefore holds the source-power voltage VT3 at an 
accurate high-level value regardless of tiie manufactur- 
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ing eiTor& 

In the low-level value setting unit 65, the gate of the 
n-channel MOS FET 81 is connected to the VDD power 
line 78. Thus, when the output circuit is operated, the n- 
channel MOS FET 81 is in ON state. s 

If the voltage at the node 76 at this time is higher 
than the source-power voltage VT4. the voltage at the 
output 82C of the differential amplifier 82 is high. The 
''ON'* resistance of the n<channel MOS FET 80 is 
decreased. Thus, the voltage at the node 76 is lowered io 
to the source-power voltage VT4. 

If the voltage at the node 76 at this time is lower 
than the source-power voltage VT4. the voltage at the 
output 82C of the differential amplifier 82 is low. The 
. "ON" resistarrce of the n-channel MOS FET 80 is is 
increased. Thus, the voltage at the node 76 is increased 
to the source-power voltage VT4. 

Accordingly, in the low-level value setting unit 65. 
the voltage at the node 76 is controlled by the differen- 
tial amplifier 82. TTie low-level value setting unit 65 20 
therefore holds the source-power voltage VT4 at an 
accurate low-level value regardless of the manufactur- 
ing en^ors. 

In the akxyve emtxxJiment. when the level signal 
DATA3 indicative of the high-level value is inputted dur- 25 
ing the operation, the inv^ling output 49A of the 
inverter unit 49 is low, and the noninverting output 49B 
of the inverter unit 49 is high. 

At this time, in the inverter 50, the p-channel MOS 
FET 53 is in ON state and the n-channel MOS FET 54 30 
is in OFF stata Also, in the inverter 57, the p-channel 
MOS FET 60 is in OFF state and the n-channel MOS 
FET 61 is in ON state. 

In the inverter 50. the p-channel MOS FETs 52 and 
53 perform a pull-up action during the operation. A 35 
structure of the p-channel MOS FETs 52 and 53 in the 
inverter 50 is the same as the atx)ve-described struc- 
ture of the p-channel MOS FETs 72 and 73 in the high- 
level value setting unit 64, and a description thereof will 
be omitted. 40 

The source-power voltage VDD from the VDD 
power line 51 is inputted to the source of the p-channel 
MOS FET 52. and the voltage at the output 740 of the 
differential anplrf ier 74 is inputted to the gate of the p- 
channel MOS FET 52. The "ON" resistance of the p- 45 
channel MOS FET 52 is controlled so that it is equal to 
the "ON" resistance of the p-channel MOS FET 72. 

Accordingly, the voltage at the output terminal 46 of 
the inverter 50 is held at the source-power voltage VT3 
regardless of the manufacturing errors, similarly to the so 
voltage at the node 68. The voltage of the output signal 
OUT3 is equal to the source-power voltage VT3. As 
desaibed above, the source-power voltage VT3 is held 
at an accurate high-level value by the high-level value 
setting unit 64. ss 

In the inverter 57, the n-channel MOS FETs 61 and 
62 perform a pull-down action during the operation. A 
structure of the n-channel MOS FETs 61 and 62 in the 
inverter 57 is the same as the above-described struc- 



ture of the n-channel MOS FETs 81 and 82 in the low- 
level value setting unit 65, and a description thereof will 
be omitted. 

The grounding voltage VSS from the VSS ground 
line 63 is inputted to the source of the n-channel MOS 
FET 62, and the voltage at tiie output 820 of the differ- 
ential amplifier 82 is inputted to tiie gate of the n-chan- 
nel MOS FET 62. Thus, ttie "ON" resistance of the n- 
channel MOS FET 62 is controlled so that it is equal to 
the "ON" resistance of the n-channel MOS FET 80. 

Accordingly, tiie voltage at the output terminal 47 of 
the inverter 57 is held at the source-power voltage VT4 
regardless of the manufacturing errors, similarly to the 
voltage at the node 76. The voltage of tiie output signal 
/OUTS is equal to the source-power voltage VT4. As 
described above, the source-power voltage VT4 is held 
at an accurate Icw^levei value by the low-level value set- 
ting unit 65. 

On the other hand, in the above embodiment, when 
tiie level signal DATA3 indicative of the low-level value is 
inputted during the operation, the inverting output 49A 
of the inverter unit 49 high, and tiie noninverting out- 
put 49B of the inverter unit 49 is low. 

At this time, in the inverter 50. tfie p-channel MOS 
FET 53 is in OFF state and the n-channel MOS FET 54 
is in ON state. Also, in the inverter 57. the p-channel 
MOS FET 60 is in ON state and the n-channel MOS 
FET 61 is in OFF state. 

In the inverter 50, the n-channel MOS FETs 54 and 
55 perform a pull-up action during tiie operation. A 
structure of the n-channel MOS FETs 54 and 55 in tiie 
inverter 50 is the same as the above-desaibed struc- 
ture of the n-channel MOS FETs 81 and 80 in tiie low- 
level value setting unit 65, and a description ttiereof will 
be omitted. 

The grounding voltage VSS from the VSS ground 
line 56 is inputted to the source of tiie n-channel MOS 
FET 55. and tfie voltage at tiie output 820 of ttie differ- 
ential amplifier 82 is inputted to the gate of the n-chan- 
nel MOS FET 55. The "ON" resistance of the n-channel 
MOS FET 55 is controlled so tiiat it is equal to ttie "ON" 
resistance of tiie n-channet MOS FET 80. 

Accordingly, tfie voltage at tiie output terminal 46 of 
ttie inverter 50 is held at the source-power voltage VT4 
regardless of the manufacturing en-ors, similarly to the 
voltage at the node 76. The voltage of tiie output signal 
0UT3 is equal to ttie source-power voltage VT4. 

In ttie inverter 57, the p-channel MOS FETs 59 and 
60 perform a pull-up action during the operation. A 
structure of the p-channel MOS FETs 59 and 60 in the 
inverter 57 is the same as ttie above-described struc- 
ture of ttie p-channel MOS FETs 72 and 73 in ttie high- 
level value setting unit 64. and a description ttiereof will 
be omitted. 

The source-power voltage VDD from the VDD 
power line 58 is inputted to ttie source of the p-channel 
MOS FET 59, and ttie voltage at the output 740 of ttie 
differential amplifier 74 is inputted to ttie gate of ttie p- 
channel MOS FET 59. Thus, the "ON" resistance of ttie 
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n-channel MOS FET 59 is controlied so that it is equal 
to the "ON" resistance of the p-channel MOS FET 72. 

Acxx)rdingly, the voltage at the output terminal 47 of 
the Inverter 57 is held at the sourceiX)wer voltage VT3 
regardless of the manufacturing errors, similarly to the 
voltage at the node 68. The voltage of the output signal 
/OUTS Is equal to the source-power voHage VT3. 

In the above embodiment, it Is possible that the out- 
put circuit of the semiconductor device transmit the out- 
put signals 0UT3 and /0UT3 with accurate high-level 
and low-level values {VT3 and VT4). The amplitude of 
the output signals 0UT3 and /0UT3 can be made 
smaller than the amplitude of the level signal DATA3 
indicative of the CMOS level data. Therefore, the output 
circuit of the semiconductor device in the above embod- 
iment can provide high-speed signal transmission. 

In the above embodiment, the output circuit does 
not require resistors with precise resistances included 
therein, which causes the cost to be increased. There- 
fore, it is possible to provide the semiconductor device 
including the output circuit with a low cost. 

The above embodiment Is appropriate for applica- 
tions to an output circuit of a LVDS transmission system. 
A modification of the output circuit In this embodiment 
may be made, so that it includes input terminals from 
which the source-power voltages VT3 and VT4 are 
inputted. In this modification, it is possible to Input the 
source-power voltages VT3 and VT4 the levels of which 
are variable according to the operating conditions of the 
output circuit This is useful when desired high-level and 
low-level values of the source-power voltages VT3 and 
VT4 are inputted. 

FIG.4 shows an output circuit of a semiconductor 
device in a further embodiment of the present Invention. 
The output circuit in FIG.4 is Included In the semicon- 
ductor device shown in this emtxxliment. 

Referring to FIQ.4,' reference numeral 87 indicates 
a semiconductor chip, and reference numerals 88 and 
89 indicate signal generator unl^. each of which is the 
same as the signal generator unit 45 in FIG.3. The sem- 
iconductor device In this embodiment is fabricated on 
the semiconductor chip 87. 

The output circuit in FIQ.4 includes data lines from 
which level signals DATA4 and DATA5 from internal cir- 
cuits (not shown) are inputted. The level signals DATA4 
and DATA5 are Indicative of CMOS level data. The level 
signal DATA4 Is inputted to the signal generator unit 88, 
and the level signal DATA5 is inputted to the signal gen- 
erator unit 89. 

The output circuit in FIG.4 includes an output termi- 
nal 90 to which an output signal 0UT4 from the signal 
generator unit 88 is outputted, and an output terminal 
91 to which an Inverted output signal /0UT4 from the 
signal generator 88 is outputted. The output signal 
0UT4 and the output signal ADUT4 have a complemen- 
tary relation. 

The output circuit in FIQ.4 includes an output termi- 
nal 92 to which an output signal 0UT5 from the signal 
generator unit 89 is outputted. and an output terminal 



93 to which an inverted output signal /0UT5 from the 
signal generator unit 89 is outputted. The output signal 
0UT5 and the output signal /0UT5 have a complemen- 
tary relation. 

5 The output circuit in FIG.4 includes an output level 
setting unit 94 which is the same as the output level set- 
ting unit 48 in FIG.3i Similarly to the previous embodi- 
ment off FIG.3, the output level setting unit 94 
determirres level values of the output signals 0UT4 and 

10 y0UT4 from the signal generator unit 88 and determines 
level values of the output signals OUTS and /0UT5 from 
the signal generator unit 89. 

The output level setting unit 94 has an output temrv- 
nal 95 to which the source-power voltage VT3 is output- 

15 ted, an output terminal 96 to which the source-power 
voltage VT4 Is outputted, and an input terminal 97 from . 
which the intermediate voltage of VDD/2 is inputted. 
The output terminal 95 in this embodiment is the same 
as the output terminal 67 in FIQ.3. The output terminal 

20 96 in this embodiment is the same as the output termi- 
nal 75 in FIG.3. The Input terminal 97 in this embodi- 
ment is the same as the input terminal 85 in FIG.3. 

In the above embodiment, shown in FIG.4. the 
source-power voltage VT3 is used as the high-level 

25 value, and the source-power voltage VT4 is used as the 
low-level value. It is possible that the output circuit in this 
emixxJiment transmit the output signals 0UT4 and 
/0UT4 and the output signals OUTS and /OUTS with 
accurate high-level and low-level values. The amplitude 

30 of the output signals 0UT4, /0UT4. OUTS, and /0UT5 
can be made smaller than the amplitude of the level sig- 
nals DATA4 and DATAS indicative of the CMOS level 
data. Therefore, the output circuit of the semiconductor 
device in the atXTve embodiment can provide high- 

35 speed signal transmission. 

. In the atx)ve err^bodlment, the output circuit does 
not require resistors with precise resistances included 
therein, such resistors causing the cost to be increased. 
Therefore, it can provide the semiconductor device hav- 

40 Ing the output circuit with a low cost. 

The above emtxxliment is appropriate for applica- 
tions to the output circuit of the LVDS transmission sys- 
tem. A modification of the output circuit in this 
emtxxliment may be made, so that it includes input ter- 

45 minals from which the source-power voltages VT3 and 
VT4 are Inputted. In this modification, it is possible to 
Input the source-power voltages VT3 and VT4 the levels 
of which are variable according to the operating condi- 
tions of the output circuit. This is useful when desired 

so high-level and tow-level values of the source-power volt- 
ages VT3 and VT4 are inputted. 

Claims 

55 1. A semiconductor device having an output circuit 
which includes: 

a first field-effect transistor having a source 
connected to a line from which a first voltage is 
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inputted; and 

a second field-effect traneietor having a source 
connected to a drain of said first field-effect 
transistor, a gate connected to a data line from 
wfiich a le/el signal is inputted, and a drain s 
connected to an output terminal to which an 
output signal is outputted. characterized In that 
said output circuit connprises: 

a control unit (31, 42) which controls a volt- io 
age at a gate of said first field-effect tran- 
stetor (28» 39) when said second field- 
effect transistor (29, 40) is in ON state, so 
that a voltage at the drain of said second 
field-effect transistor (29, 40) is held at a is 
second voltage. 

2. The semiconductor device according to daim 1. 
characterized in that said control unit comprises a 
differential amplifier (3 1 , 42) which has a noninvert- 20 
ing input, an inverting input and an output, said 
nonlnverting input being connected to the drain of 
the second field-effect transistor (29, 40), the sec- 
ond voltage b^ing inputted to said inverting input 
and said output of said differential amplifier being 2s 
connected to the gate of the first field-effect transis- 
tor (28, 39). 

3. The semiconductor device according to daim 1, 
diaracterized in that said output drcuit further com- 30 
prises an input terminal from which the second vdt- 
age is inputted to said control unit (31, 42). 

4- The semiconductor device according to daim 1, 
characterized in that said first field-effect transistor 35 
is a p-channel field-effect transistor (29), said sec- 
ond field-effect transistor is a p-channel field-effect 

^, transistor (30), and said second voHage is lower 
than the first voitaga 

40 

5. the semiconductor device according to daim. 4, 
characterized in that said output circuit further com- 
prises a resistor (30) which has one end connected 
to the drain of said second field-effect transistor 
(29), and the other end of said resistor is connected 4s 
to a line from which a third voltage that is lower than 
said second voltage is inputted. 

6. The semiconductor device according to daim 1, 
characterized in that said first field-effect transistor so 
is an n-channel field-effect transistor (39). said sec- 
ond field-effect transistor is an n-channel field-effect 
transistor (40), and said second voltage is higher 
than the first voHaga 

55 

7. The semiconductor device according to daim 6. 
characterized in that said output circuit further com- 
prises a resistor (41) which has one end connected 
to the drain of said second field-effect transistor 



(40). and the other end of said resistor is connected 
to a line from which a third voltage which is higher 
than said second voltage is inputted. 

8. A semiconductor device having an output drcuit 
characterized in that said output circuit comprises: 

a first p^hannel field-effect transistor (72) hav- 
ing a source connected to a first line from which 
a first voltage is inputted; 
a second pchannel field-effect transistor (73) 
having a source connected to a drain of said 
first pK^hannel field-effect transistor, said sec- 
ond p-channel field-effect transistor being in 
ON state when said output circuit is operated; 
a first control unit (64) which controls a voltage 
at a gate of said first p-channel field-effect tran- 
sistor when said second p-channel field-effect 
transistor is In ON state, so that a voltage at a 
drain of said second p-channel field-effect tran- 
sistor is held at a second voltage lower than 
said first voltage; 

a first n-channel field-effect transistor (80) hav- 
ing a source connected to a second line from 
which a third voltage lower than said second 
voltage is inputted; 

a second ri-channel field-effect transistor (81) 
having a source connected to a drain of said 
first n-channel field-effect transistor, said sec- 
ond n-channel field-effect transistor being in 
ON state when said output circuit is operated; 
a second control unit (65) which controls a volt- 
age at a gate of said first n-channel field-effect 
transistor when said second n-channel field- 
effect transistor is in ON state, so that a voltage 
at a drain of said second n-channei field-effect 
transistor is held at a fourth voltage higher than 
said third voltage, said fourth voltage being 
lower than said second voltage; and 
a signal generator unit (45) which generates 
output signals, voltages of said output signals 
being controlled by said first control unit and 
said second control unit, so that high-level val- 
ues of said output signals are equal to the volt- 
age at the drain of said second p-channe! field- 
effect transistor and lew-level values of said 
output signals are equal to the vdtage at the 
drain of said second n-chanriel field-effect tran- 
sistor. 

9. The semiconductor device according to claim 8, 
characterized in that said first control unit (64) com- 
prises a first differential anrplifier (74) which 
includes a nonlnverting input, an inverting input and 
an output, said nonlnverting input being connected 
to the drain of the second p-channel field-effect 
transistor, said second voltage being inputted to 
said inverting input, and said output of said first dif- 
ferential anpllfier being connected to the gate of 
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the first p-channel field-effect transistor, and 

wherein said second control unit (65) com- 
prises a second differential amplifier (82) which 
includes a noninverting input an inverting input s 
and an output, said noninverting input being 
connected to the drain of the second n-channei 
field-effect transistor, said fourth voltage being 
applied to said inverting input, and said output 
of said second differential amplifier being con- io 
nected to the gate of the first n-channel field- 
effect transistor. 

10. The semiconductor device according to claim 9, 
characterized In that said signal generator unit (45) is 
comprises a first inverter (50) which includes: 

a thlid p-channel f lekJ-effect transistor (52) hav- 
ing a source connected to a third line from 
which said first voltage is inputted, and a gate 20 
connected to the output of said first differential 
amplifier; 

a fourth p-channel field-effect transistor (53) 
having a source connected to a drain of the 
third p-channel field-effect transistor, and a 25 
drain connected to a first output terminal, 
ON/OFF state of said fourth p-channel field- 
effect transistor being controlled according to a 
first signal; 

a third n-channel riekJ-effect transistor (54) hav- 30 
ing a drain connected to said first output termi- 
nal, ON/OFF state of said third n-channel field 
effect transistor being controlled according to 
said first signal; and 

a fourth n-channel field-effect transistor (55) 35 
having a source connected to a fourth tine from 
which said third voltage is inputted, a drain con- 
nected to the source of the third n-channel 
field-effect transistor, and a gate connected to 
the output of the second differential amplifier. 40 

11. The semiconductor device according to claim 10. 
characterized In that said signal generator unit (45) 
further comprises a second inverter (57) which 
includes: 4S 



a fifth n-channel field-effect transistor (61) hav- 
ing a drain connected to said second output 
terminal, ON/OFF state of said fifth n-channel 
field-effect transistor being controlled accord- 
ing to said second signal; and 
a sixth n-channel field-effect transistor (62) 
having a drain connected to a source of said 
fifth n-channel field-effect transistor, a source 
connected to a sixth line from which said third 
voltage is inputted, and a gate connected to the 
output of the second differential amplifier, 
wherein said second inverter (57) outputs an 
output signal which has a complementary rela- 
tion to an output signal output by said first 
inverter (50). 

12. The semiconductor device according to daim 9, 
characterized in that said output drcuit further com- 
prises a resistor unit (66) which interconnects the 
drain of the second p-channel field-effect transistor 
(73) and the drain of the second nn^hannel field- 
effect transistor (81). 

13. Tlie semiconductor device according to claim 12. 
characterized in that said resistor unit (66) com- 
prises a first resistor (83) and a second resistor (84) 
which are connected in series, an intermediate volt- 
age between said second voltage and said fourth 
voltage being inputted to a connection point (85) 
t}etween said first resistor and said second resistor. 



a fifth p-channel field-effect transistor (59) hav- 
ing a source connected to a fifth line from which 
said first voltage is inputted, and a gate con- 
nected to the output of the first differential so 
amplifier; 

a sixth p-channel field-effect transistor (60) 
having a source connected to a drain of said 
fifth p-channel field-effect transistor, and a 
drain connected to a second output terminal, ss 
ON/OFF state of said sixth p-channel field- 
effect transistor being controlled according to a 
second signal, said second signal having a 
complementary relation to said first signal; 
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